Headline: Inhibition of pathogenic microbiota
INTRODUCTION
One of the most serious problems concerning turbot (Scophthalmus maximus) production is high (85%) and variable larval mortality, generally attributed to the effects of opportunistic microbiota introduced to the system in the live food (Nicolas et al., 1989; Person-Le Ruyet, 1989; Munro et al., 1994) . Cultures of phytoplankton, rotifers and crustaceans (Isochrysis, Brachionus, Artemia) used in larval feeding contain high microbial loads (Lesel, 1981; Nicolas et al., 1989) . In cultivation tanks and unhatched turbot eggs bacterial genera have been repeatedly detected (Pseudomonas, Aeromonas, Vibrio) which colonize the fish digestive tube in abundance from the moment of bucal opening. The delayed development of the immune system of the animal makes it highly sensitive to such microbiota, whose effects can be aggravated for a deficient feeding. Although antibiotics improve survival (Planas et al., 1994) , they also alter the intestinal niche and induce resistant microorganisms, with unpredictable long term effects on human health.
An alternative to antibiotics which has stimulated current interest is based on probiotics, a phenomenon embracing a number of favourable physiological effects for the host and linked to the microbial balance of their intestinal tract (Fuller, 1990) . Probiotic is a classical idea in the area of human dietetics (which underlies to the consumption of fermented lactic products) and is extended to animals by promoting the development of fortifying diets for the intestinal microbiota, which improve feeding yields and survival. Probiotic development in aquaculture began upon discovering that bacteria in the intestinal tracts of healthy animals, or bacteria of the same marine medium, exercised antagonistic effects on pathogenic bacteria (Skjermo and Vadstein, 1999; Makridis et al., 2000; Hjelm et al., 2004) .
In general, the exact nature of probiotic effects mediated by microorganisms (for example LAB) it has not been perfectly typified and it can be attributed to different and probably interactive factors and mechanisms, in particular noting:
1: Competition between probiotics and opportunistic or pathogenic microorganisms for adherence sites on the mucous, limiting nutrients or other factors of the intestinal niche (Olsson et al., 1992) .
2: Inhibition or antibiosis of the unwanted microbiota by the bacteriocins or other metabolites (lactic and acetic acids, diacetyl, butandiol, acetaldehyde, H 2 O 2 ) typical of the lactic bacteria (Gilliland, 1990; Gatesoupe, 1991; Vandenbergh, 1993) . The frequent conservation of probiotic activity in cell-free media in corresponding cultures is a clear indication in favour of this effect.
3: Inmunostimulation induced by the probiotics or associated metabolites (Perdigón et al., 1990; Brassart and Schiffrin, 1997; Villamil et al., 2003a; Nikoskelainen et al., 2003; Villamil et al., 2003b; Gullian et al., 2004) .
4: Derived colateral benefits of probiotics effects on the alive diets. It has been demonstrated that some lactic acid bacteria prevent the infection of rotifers by several species of Aeromonas (Gatesoupe, 1991) and Vibrio (Gatesoupe, 1994) , increase their growth rate and improve their nutritional quality (Shiri Harzevili et al., 1998; Planas et al., 2004) .
In recent years, there has been great interest in the use of LAB and their metabolic products as potential probiotics in aquaculture (Ringø and Gatesoupe, 1998; Gatesoupe, 1999) , to improve population growth of rotifer cultures (Shiri Harzevili et al., 1998; Planas et al., 2003; Planas et al., 2004) , their nutritional value for turbot larvae (Gatesoupe, 1991) and thus larval survival (García de la Banda et al., 1992) . They have also been used in the treatment of disinfectant of Artemia nauplii (Gatesoupe, 2002) , as growth promoters of Oreochromis niloticus (Maurilio Lara-Flores et al., 2003) and in the increase of the immnunologic response of turbot (Villamil et al., 2003a; Villamil et al., 2003b) or rainbow trout (Sami Nikoskelainen et al., 2003) .
Under these conditions, the most rapid and experimentally most simple step for the test of potential probiotic effects consists of determining the inhibitory activity of the cell-free media of different probiotics on pathogenic bacteria associated with larval cultures. In spite of the schematic approach, the study of such activities in several characteristic cases has demonstrated a series of complex profiles (Cabo et al., 1999; Murado et al., 2002; Planas et al., 2003) , not describable with conventional dose-response models (Murado et al., 2002) .
In this work, diverse postincubated of LAB fermentations (bacteriocins, lactic and acetic acids)
were used in dose-response bioassays against to pathogen microorganisms of marine cultures (Vibrios). The obtained results demonstrated the inhibition that the lactic and acetic acids cause in the growth of the Vibrios (depending on the concentrations considered), as well as the total absence of response of the bacteriocins on these gram () bacteria. In the quantification of the experimental results, dose-response models modified from previously described in Murado et al. (2002) were formulated. Table 1 shows the species and the origin of the bacteria used, comprising nine potential probiotics and four pathogens. Of the pathogens, Carnobacterium piscicola is a common indicator in the bioassay of bacteriocins (Vázquez et al., 2003; Vázquez et al., 2004) . Pathogen HQ 221, although used in aquaculture as a probiotic against pathogens such as Vibrio anguillarum and Aeromonas salmonicida (Austin et al., 1995) , was tested here as a pathogen following suggestions by the Larval Physiology Group at the Instituto de Investigacións Mariñas (Vigo), who detected HQ 221 as the major microorganism in cultures with appreciable mortalities from the company Stolt Sea Farm (Villamil et al., 2003c) . HQ 222, also associated with total larval mortalities (Pérez Lomba, 2001; Villamil et al., 2003d) , is presumably a strain of high virulence. Finally, HQ 223 was supplied by the University of Glasgow, where it has been detected, again associated with high mortalities.
MATERIALS AND METHODS

Microbiological methods
Stock cultures of probiotics were stored at -50ºC in powdered skimmed milk suspension with 25% glycerol (Cabo et al., 1999) . Marine species were stored under the same conditions, substituting powdered skimmed milk for marine broth (DIFCO). Assay cultures were grown on MRS medium (DIFCO) at 30ºC with orbital shaking at 200 rpm (or marine medium, 22ºC, 100 rpm for marine species). In both cases, inocula (1% v/v) consisted of cellular suspensions from 12-24 hour-aged cultures on the same media and conditions (Planas et al., 2004) , adjusted to an OD (700 nm) of 0.900.
Bioassays were carried out in quintruplicate, following methods and equations described in detail previously (Cabo et al., 1999; Murado et al., 2002) , with slight modifications for the marine species:
Effector solutions: The complete post-incubation (medium and cells) of each probiotic was buffered with biphthalate-HCl 0.05M; pH=3.5, treated for 3 minutes at 80ºC and centrifuged, discarding the sediment and taking the supernatant as an effector solution. From this supernatant, which can be conserved frozen at -18ºC until required, a series of dilutions were prepared and applied to the suspensions (indicators) of the microorganisms whose response was studied. The response of C. piscicola CECT 4020 (Spanish Type Culture Collection) was taken as a base for standardizing the activities of all effector solutions. Besides the crude extracts, the corresponding dialyzed samples (>1,000 Da) were also tested for eliminating possible interferences of low molecular mass.
Indicator suspensions: These were prepared by centrifugation of the corresponding cultures and resuspension of the sediment in fresh medium at an OD (700 nm) of 0.200. In the case of C. piscicola, the medium (MRS) was buffered with biphthalate-NaOH 0.05M; pH=6.0. In the remaining species, marine medium clarified by centrifugation and without buffer was employed (pH below 7.2 in this medium induces turbidity). These differences do not affect intercomparison (see Results).
Procedure: Prepared with each effector solution a serie of dilutions (in distilled water in order to obtain a suitable interval of concentrations of the active principle), a volume from each of the dilutions was combined with an identical volume of indicator suspension, and incubated for 6 hours at 30ºC (C. piscicola) or 22ºC (Vibrios) and the OD (700 nm) was measured. Where A s and A 0 are the OD of the sample and the control, respectively, the proportions of inhibition used to obtain the dose-response models were I=1-(A s /A 0 ). 50 and its concentration in the sample: one unit of ID 50 is defined as the amount of active principle (bacteriocins or organic acids) present, per unit of volume, in a sample that will produce an inhibition of I=0.5 under the specified experimental conditions. The following procedure will give the calculation or the concentration of active principle present in a given sample. A series of dilutions of the sample to be studied is tested according to the procedure described, with the dilution corresponding to I=0.5 being calculated by mathematic interpolation (see Appendix). Since, by definition, this dilution contains 1 ID 50 /ml, the concentration in the sample will be the inverse of the corresponding dilution factor.
Definition of a ID
Analytical methods
At pre-established times, each probiotic culture sample was divided into two aliquots. The first was centrifuged at 5,000 rpm for 15 min, and the sediment washed twice and resuspended in distilled water to an appropriate dilution for measuring the OD at 700 nm. The dry weight was then estimated from a previous calibration curve. The corresponding supernatant was used for the determination of reducing sugars (Bernfeld, 1951) , proteins (Lowry et al., 1951) , and organic acids by HPLC analysis (refractive-index detector), using an ION-300 (Interaction Chromatography) column, at 65ºC, with 6mM sulphuric acid as a mobile phase (flow=0.4 ml min -1 ). The second aliquot (previously dialyzed or not, see dialysis methods) was used for the bioassays as described in the previous section.
Dialysis methods
For the bacteriocins retention and the elimination of molecules of low molecular mass were carried out dialysis processes. Samples of 20 ml of postincubated extracts LAB (effector solutions) and membranes of cellulose: the dialysis tubing (Sigma-Aldrich) with threshold size of 1,000 Da were used. These dialysis tubing was placed in laboratory glasses with 3000 ml of water distilled in a room at 4ºC and with soft agitation (magnetic agitator). At pre-established times, we took samples to analyze the levels of reducing sugars and organic acids like as described in the previous section.
Numerical methods
Fitting procedures and parametric estimations calculated from the experimental results were carried out by minimisation of the sum of quadratic differences between observed and modelpredicted values, using the non linear least-squares (quasi-Newton) method provided by the macro 'Solver' of the Microsoft Excel XP spreadsheet.
RESULTS
Dialysis kinetics
From a point of view chemical-physics the dialysis is defined as the mass transfer through a semi-permeable membrane of given pore size. Mathematically, dialysis kinetics can be described (excluding the electrokinetic effect of the Donnan balance, i.e., molecular transfer due to the charge gradient) in similar terms to first order kinetics:
where C is the concentration of solute, with a value of zero (C e =0) in the exterior of the membrane. Integrating between the limits C 0  t=0 and C f  t=t one obtains:
As an example illustrating the entirety of the applied method, figure 1 shows the results obtained 
Effects on pathogenic bacteria
In the figure 2-upper is represented the response of HQ 221 to extracts of Pc 1.02 (dialyzed and not dialyzed) where it can be observed clearly that the dialyze c extraction of the samples can be disregarded (figure 2-lower).
In general, all the dose-response curves obtained on bioassays between the pathogenic species and the effectors solutions presented peculiar profiles, with two clearly different routes ( figure   3 ). In the first, a dose increase stimulates growth; in the second the effect is inhibitory with a conventional logistical profile. Moreover, the comparison of the response to crude and dialyzed extracts (which retain the bacteriocins, but not the metabolites of low molecular mass), suggests that the inhibition is more owing to the dialyzable materials rather than the bacteriocins (figure 2). Accordingly, it is reasonable to suppose that stimulation is due to the remainder of dialyzable 
A dose-response model for the detected effects
For the mathematical description of the profiles with the two routes, the used resource was of subtracting to a modified logistical equation (Murado et al., 2002) , that it describes the route inhibitory, another asymptotic equation capable to describe the stimulatory route, being essentially the decision between von Bertalanffy, Gompertz or other logistical equation an question of goodness fit. Although the treatment appears uncommon in this field, the ratio th of the bond radius), which make it necessary to add an exponential empirical term (Born-Mayer)
for the strength of repulsion to the theoretical parabolic term for the strength of attraction.
The mixed models investigated The response of HQ 222 to dialyzed sam acetic and lactic acid res both cases satisfactory fits can be appreciated, and also for the remainder of the bioassays (not plotted) treated similarly.
It is clear that if the ID 50 is calculated using the concentration of the Pc 1.02 extract as an independent variable (dose), the values differ significantly from those obtained using the lactic or acetic acid supplement. If the ID 50 is calculated (Table 2 ) considering the total content of acid, the differences lack statistical significance and can be interpreted as estimations of the mean.
his demonstrates that the relevant variable is the acid concentration. Table 3 From equation [4] , and applying the criteria described previously (Cabo et al., 2000; Murado et al., 2002; Planas et al., 2003) for modeling potentiator and antagonist effects, the experimental results (for HQ 222
Although a model with 24 parameters appears "excessive" and requires an elevated number of
experimental values (in this case 1818=324, an amply sufficient number), the model does not increase the probability of type II error. This is due to the fact that it only involves two independent variables (lactic and acetic acid) without risk their irrelevance. Figure 9 shows the response surface for HQ 222, along with the corresponding experimental points and the correlation between expected and observed values (r 2 =0.957). The results were very similar for HQ 221 (not represented), with a corresponding correlation coefficient of r 2 =0.949.
DISCUSSION
The high mortality rates that take place in the larvae phases of cultures of marine fish as the turbot (Scophthalmus maximus) cause big economic lost in the aquaculture world. These mortalities are frequently associated to bacteria from the Vibrio genus (Toranzo al., 1993) Our study proposes in a clear way and from a quantitative perspective, the inhibitory mechanism that the lactic and acetic acids, and not the bacteriocins, causes in the growth of several Vibrios.
The activity lack that the bacteriocins present is due to the impossibility that these peptides have of acceding to the plasmatic membrane of bacteria gram () and can to act in the formation of transmembrane pores. On the contrary, the lactic and acetic acids in their undissociated form 
50 search: The value of inhibition is, by definition:
nd the corresponding dose is: a
anscendent equation which can be resolved by numerical iteration until D i =D i-1 .
i.e., when quation (Murado et al., 2002) , where: tr In absence of a descending route ( K'=r'=m'=0) , the equation is reduced to a logistical e
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